Controversy surrounds the use of PSA as a biomarker for prostate cancer detection, leaving an unmet need for a novel biomarker in this setting; urinary EN2 may identify individuals with clinically relevant prostate cancer. Male BRCA1 and BRCA2 mutation carriers are at increased risk of clinically significant prostate cancer and may benefit from screening. Urine samples from 413 BRCA1 and BRCA2 mutation carriers and controls were evaluated. Subjects underwent annual PSA screening with diagnostic biopsy triggered by PSA . 3.0 ng/ml; 21 men were diagnosed with prostate cancer. Urinary EN2 levels were measured by ELISA and had a sensitivity of 66.7% and specificity of 89.3% for cancer detection. There was no statistically significant difference in EN2 levels according to genetic status or Gleason score. Urinary EN2 may be useful as a non-invasive early biomarker for prostate cancer detection in genetically high-risk individuals. P rostate cancer (PC) is the most commonly diagnosed male cancer in the US and the second most common cause of cancer death among males 1 . Men diagnosed with PC survive longer the earlier the disease is diagnosed. A summary of survival from PC 2 showed that whilst the 5-year survival was about 80%, this varied significantly by stage; with men with metastatic disease at diagnosis having a 5-year survival of around 30%. Prostate specific antigen (PSA) has been used as a serum based marker for PC detection and monitoring since the 1980's, but lack of specificity and sensitivity have meant its use as a screening tool in the general population is controversial, and not currently recommended in either the US or the UK 3, 4 . There is therefore still an urgent need for non-invasive biomarkers for the detection of PC in general, and particularly in high-risk populations. Increased risk of PC has been associated with a positive family history, specific single nucleotide polymorphisms (SNPs) identified through genome wide association studies (GWAS) 5 and deleterious mutations in the DNA repair gene BRCA2
6
. A number of studies have investigated the relationship between BRCA1 mutations and prostate cancer risk, although there may still remain some controversy regarding this it seems likely that BRCA1 mutations confer increased risk in young onset prostate cancer cases 7, 8 . The IMPACT study (Identification of Men with a genetic predisposition to ProstAte Cancer: Targeted Screening in BRCA1/2 mutation carriers and controls) was set up to prospectively assess the influence of BRCA status of the development and biology of PC and thus healthy men were recruited, either carriers of mutated BRCA1 or BRCA2 genes or non-carrier controls, and were screened annually with PSA, using a cut-off of .3.0 ng/ml to trigger a diagnostic biopsy 9 .
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Engrailed-2 (EN2) is a member of the HOX gene family, a subgroup of the homeobox superfamily important in embryonal development. EN2 expression has been described in breast cancer and PC 10 . We have previously reported the potential diagnostic utility of EN2 11 , which we found to be detectable in the urine of PC patients without the requirement for prior DRE. The presence of EN2 in urine was predictive of PC, with a sensitivity of 66% and a specificity of 88.2%. In a recent retrospective study, a strong positive correlation was shown between pre-surgical levels of urinary EN2 and cancer volume in prostatectomy specimens as well as a correlation between EN2 levels and tumour stage 12 .
The aim of this study was to assess the potential of urinary EN2 for the early diagnosis of PC in the IMPACT study population.
Results
Participant characteristics. The total number recruited to IMPACT at the time of this study was 1140 from which we selected 418 individuals at random; the most recently donated urine samples were used for EN2 measurement. In five cases it was not possible to obtain a result from the ELISA so these cases were excluded, as were 6 cases who were pending genetic testing, therefore results from 407 participants were reported in the study; the demographic, molecular and pathological characteristics of the participants are shown in table 1.
The control group comprised 140 men who had received a negative test result for BRCA1 or BRCA2 mutations known to be carried within their family and were therefore considered to be at no higher risk at developing PC than the general population. As shown in table 1 there was no statistical difference in the demographics between the control group and the BRCA1/2 mutation carriers, furthermore EN2 levels did not significantly differ between the two groups. 50 individuals (12.3%) had undergone prostate biopsy. PC had been diagnosed in 21 men, 9 of these with Gleason 3 1 3; 6 with Gleason 3 1 4 and 6 with Gleason 4 1 3. All urine samples pre-dated the diagnosis of cancer.
The investigators were blinded both to cancer status and BRCA mutation carrier status. Table 2 summarises the BRCA1/2 status and Gleason score of the 21 men diagnosed with cancer men; BRCA2 mutation carriers tended towards more aggressive tumours. As per the protocol, all men were biopsied on the basis of a PSA greater than 3 ng/ml. The median PSA amongst the men diagnosed with cancer was 4.3 ng/ml (range 3.03 to 14.3 ng/ml); 17 of the 21 cancers were diagnosed at the initial, prevalence PSA screen so there is no available information on PSA dynamics prior to diagnosis for these men.
EN2 secretion in participants. We measured EN2 in the urine samples from BRCA1/2 mutation carriers and controls from the IMPACT cohort. We found EN2 levels were significantly higher in those diagnosed with cancer compared with those with no diagnosis of cancer, p # 0.001. The median EN2 level in those with cancer was 105 ng/ml (range 0 to 2222 ng/ml) versus 0 ng/ml (range 0 to 3964 ng/ml) in the group without cancer. The receiver operating characteristic area under the curve (ROC AUC) for test performance was 0.816, with a sensitivity of 66.7% and a specificity of 89.3% (see table 3 ). The results of the multivariate logistic regression analysis are summarised in table 4, EN2 was a significant independent variable associated with cancer status (p , 0.001). The positive predictive value (PPV) of EN2 was 25%, which increased to 73.7% when only those biopsied were analysed. Of the 42 men with EN2 level .42.5 ng/ml in their urine who had not been diagnosed with cancer, only 5 had undergone prostate biopsy so the true cancer status of the remaining 37 individuals is unknown. Of all the 364 men who had not undergone biopsy (as their PSA had not exceeded 3.0 ng/ml) 10.2% secreted .42.5 ng/ml EN2 in their urine.
PSA findings. The sensitivity of PSA to detect cancer could not be calculated in this cohort as patients underwent prostate biopsy based on elevated PSA (although there have been no symptomatic interval cancers), therefore by definition sensitivity was 100%. The specificity of PSA in this study was 91.3%. The PPV of PSA was 38.9% which increased to 53.8% when only those biopsied were analysed. A very weak correlation was found between EN2 and PSA, Spearman's rank correlation coefficient was 0.138 (see figure 1) .
Effect of BRCA1/2 mutation status. There was no significant difference in EN2 levels between BRCA1/2 mutation carriers, and controls (p 5 0.717). EN2 performed with the highest sensitivity in those with BRCA2 mutations (see table 5), however the numbers involved are very small and these differences may be observed by chance. As shown in table 2, those with BRCA2 mutations tended toward more aggressive cancers which may be an explanation for the better performance of EN2 as a biomarker in this group. Logistic regression analysis showed BRCA1/2 mutation status was not a significant variable in predicting cancer outcome (see table 4). 
Discussion
Men with mutations in BRCA1 and BRCA2 genes are at increased risk of PC with a 3.5-fold and 8.6-fold increase respectively 6, 7 ; furthermore cancer is more likely to develop at a younger age, and to be more aggressive 9, 14 . This makes BRCA mutation carriers an ideal group for 'targeted' screening as early detection and treatment of PC would be expected to improve their prognosis.
Although PSA has high clinical utility for the management of PC, its reliability as a screening tool is less certain. For the general public, PSA screening is not justified on the basis of limited sensitivity and specificity 15 . For the IMPACT protocol, a PSA level of .3.0 ng/ml was selected as the threshold to proceed to biopsy. The purpose of this study was to determine whether urinary EN2 secretion serves as a useful biomarker for the early detection of PC.
The EN2 urinary biomarker has previously been demonstrated not only to be able to detect PC in 70-85% of men with the disease, but also to correlate strongly with tumour volume in a radical prostatectomy population 16 . Tumour volume is important in stratification of clinical significance of PC; it has been shown that small volume disease (,0.5 mls) may be 'insignificant' and may not require treatment but would be more suitable for active surveillance 17 . In the group of men in our IMPACT study with histologically proven PC, the sensitivity and specificity of detection was similar to the previously published studies 11, 16 with 66.7% of those with cancer having EN2 detected in their urine. Of the seven cancer cases deemed negative for urinary EN2, it is not known whether EN2 is expressed but not secreted into the urine, or simply not expressed by the tumour tissue.
We found significantly elevated levels of EN2 in 42 men who otherwise did not have any clinical signs of PC. Five of these men had a PSA rise which led to prostatic biopsy by the study protocol, and these were all negative for cancer. All biopsies performed in the study were transrectal ultrasound (TRUS) guided ten core sampling (with a further two cores taken for research purposes). This is an accepted biopsy approach for men with suspected PC, cores are targeted to the peripheral zone from which the majority of cancers arise, however a significant number of cancers may be still be missed by this method 18 . Newer techniques such as 36 core transperineal template biopsy are being introduced for the detection of cancer in men in whom there is a high clinical suspicion of PC but a negative TRUS biopsy 19 . Therefore it is possible that the five men described may still be harbouring PC despite these negative biopsies.
It is not known how many cancers may remain undetected in the 37 (8.9%) men with a positive urinary EN2 but who had not undergone biopsy as PSA # 3.0 ng/ml. Data from Thompson et al. 20 showed that 397 of 2757 men (14.4%) with PSA # 3.0 ng/ml were diagnosed with PC, and 13.6% of these were high grade (defined as Gleason $ 7), however the age range in that study was 62 to 91 years, considerably older than the IMPACT cohort. A smaller study evaluating men with a family history of PC, age range 39 to 80 years found 15 of 78 men (19.2%) with PSA # 3.0 were diagnosed with PC 21 . We may expect a higher rate still, in this genetically high risk group. The ability of EN2 to detect PC independent of PSA level is supported by one individual who was diagnosed with PC 3 years into the study when his PSA measured 3.3 ng/ml, however the EN2 level in his urine sample from his initial study visit was elevated at 144 ng/ml when his PSA measured 2.2 ng/ml. It is possible the remaining 37 men with high EN2 levels but PSA , 3.0 ng/ml are harbouring occult PC. Direct comparisons between the utility of PSA and EN2 in this cohort are biased by the use of PSA to determine who underwent prostate biopsy. The PSA sensitivity was 100% as would be expected where no patients with a PSA , 3.0 ng/ml underwent biopsy. The specificity of PSA was 91.6%, 33 of the 392 individuals who were not diagnosed with PC had a PSA .3.0 ng/ml. It should be noted that although all these men were offered prostate biopsy 15 of them declined. In the general population a PSA cut-off of 3.0 ng/ml has been shown to have a sensitivity of 32.2% and a specificity of 86.7% 22 , although there may be evidence that PSA performs better as marker for cancer screening in BRCA1/2 mutation carriers 9 . The PPV for both EN2 and PSA was low 38.9% and 25.0% respectively. PPV improved when analysis was restricted to those men who underwent prostate biopsy, particularly for EN2 which increased to 73.7% (53.8% for PSA). Although EN2 has previously been reported to have no correlation with PSA 12 we found a weak correlation with Spearman's rank correlation coefficient of 0.138.
Given the small numbers involved in the study, sub-group analysis by BRCA mutation carrier status is not possible, however there is a suggestion that EN2 performs best in men with BRCA2 mutations, and it is this group which have the highest risk 6 . A limitation of this study is the significant proportion (87.9%) of patients who have not undergone prostate biopsy. The IMPACT study protocol includes annual PSA screening for 5 years at which point recruits are offered an optional prostate biopsy. Currently the first few recruits are reaching the 5 year time point and approximately 50% are opting to proceed with the biopsy. We predict that over the next 5 years approximately half of the 368 individuals with PSA , 3.0 ng/ml will undergo prostate biopsy, and this study should therefore be considered as an interim study providing us with preliminary information about the operating characteristics of EN2.
EN2 represents a potentially attractive biomarker for early detection of cancer. As a urine-based test stable for up to 4 days at room temperature it is suitable for the postal collection of samples. Unlike some other urinary markers such as PCA3 and TMPRSS2-ERG, prior DRE is not required improving the acceptability to individuals and reducing cost. Lateral flow strips are currently in commercial development which will improve the speed and ease of investigation of EN2 as an early, point of care cancer detection marker. The IMPACT study is expected to complete recruitment of BRCA1 and BRCA2 carriers and controls by the end of 2013, a further five year follow-up is expected to give further information on the utility of PSA screening in this high risk cohort as well as providing a useful sample bank for the investigation of EN2 and other novel detection or prognostic biomarkers for PC. As more recruits reach the 5 year point when optional prostate biopsy is offered regardless of PSA further information will be available regarding true cancer status of these individuals and effectiveness of EN2 as an early biomarker for PC.
Methods
Patients. Urine samples were taken from the IMPACT study, an international study designed to evaluate PSA screening in male BRCA1 and BRCA2 carriers. The experiments were approved by a Research Ethics Committee (MREC reference number 05/MRE07/25); all participants gave informed written consent. Recruitment to this study began in 2005, and is on-going. Eligible men were aged 40-69 with no history of PC, and had had no previous biopsy for raised PSA. All individuals were from families known to carry pathogenic BRCA1 or BRCA2 mutations although it was not necessary for individuals to know their genetic status prior to enrolment, they could be tested while on study. The case group consisted of men who carried pathogenic BRCA1 and BRCA2 mutations. The control group comprised men who had received a negative test result for BRCA1 or BRCA2 mutations found within their family. Exclusion criteria included previous history of PC or prostate biopsy. Recruits underwent baseline then annual serum PSA screening with PSA . 3.0 ng/ml triggering a diagnostic 10 core transrectal ultrasound (TRUS) guided biopsy of the prostate. Where prostate cancer was detected in the biopsy sample, this was graded according to Gleason Score, a system whereby two numbers are assigned, a 1 b where a represents the most common pathological grade of tumour in the sample and b represents the second most common grade (of which there must be more than 5%). Each score ranges from one to five with five being the most aggressive, however in practice scores below three are not used these two score can then be added together to give a Gleason sum (eg Gl3 1 4 5 7) 23, 24 . Urine and serum samples were collected annually, aliquotted into 1.8 ml Nunc Cryotubes and transferred to 280uC freezer within 4 hours.
EN2 ELISA test Urinary EN2 levels were tested by ELISA following a previously published method 11 . Briefly, two monoclonal anti-EN2 antibodies were raised, APS1 and APS2 (Antibody Production Services Ltd, Haywards Heath, UK); the antigen used was a synthetic protein corresponding to the C-terminal 100 amino acids of EN2 (Biosynthesis Inc, Texas, USA). APS2 was conjugated to biotin and captured onto a 96 well streptavadin coated plate (Nunc 436014, New York, USA).
EN2 dilutions were prepared in reference urine from an individual unaffected by PC whose urine was negative for EN2, with 0.1 vols 103 phosphate buffered saline tween (PBST) added (giving 90% reference urine in PBST). A set of serial dilutions were prepared, and 100 ml of these EN2 standards were added to appropriate wells in duplicate. 90 ml of test urine mixed with 10 ml of 103 PBST was added to appropriate wells in duplicate.
The APS1 antibody was conjugated to alkaline phosphatase. APS1-Alkaline phosphatase detection antibody was prepared at 15250 dilution in PBST, and added to appropriate wells. Colometric agent p-nitrophenyl phosphate substrate was added, incubated and absorbance read at 405 nm using a Beckman-Coulter DX880. The dilution series was used to generate a standard curve from which the concentration of EN2 could be read. Any runs where the standard curve had an R 2 , 0.95 were repeated. An EN2 level of .42.5 ng/ml was deemed as positive, this cut-off was taken from previously published work 11 . Statistical analysis sensitivity and specificity were calculated for detection of cancer by EN2, and ROC AUC calculated. Logistic regression was used to examine associations between EN2, genetic status and outcome (cancer diagnosis). To test the significance of differences in EN2 levels in different patient groups (by cancer status and Gleason status) we used the independent samples Mann-Whitney U test. In order to test significance of differences in EN2 according to genetic status we used the Kruskall-Wallis one-way analysis of variance by ranks. Spearman's rank correlation coefficient was used to measure correlation between PSA and EN2 levels. 
